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1. Introduction {#sec001}
===============

The incidence of non-communicable dietary related diseases such as type-2 diabetes, and cardiovascular disease is growing \[[@pone.0231342.ref001]\]. In this respect, Fallaize et al. reported the insufficiency of a 'one-size-fits-all' approach to dietary guidance \[[@pone.0231342.ref002]\]. Instead, dietary interventions tailored to individuals' personal nutritional needs by what have been termed 'personalised nutrition services' show the potential to improve healthy dietary patterns and public health \[[@pone.0231342.ref003],[@pone.0231342.ref004]\]. There are increasing indications that personalised dietary advice is more effective compared to nutrition information that is provided to consumers in a generic manner \[[@pone.0231342.ref003],[@pone.0231342.ref005]--[@pone.0231342.ref008]\]. Personalisation has the potential to make the provided nutrition information more personally relevant \[[@pone.0231342.ref009]\], and may in turn lead to greater compliance than generic dietary advice. In this respect, personalised nutrition services can be defined as the delivery of personalised dietary advice based on information regarding an individual's characteristics such as lifestyle (i.e. dietary intake and personal preferences), phenotype (i.e., blood (bio)marker analysis, anthropometric measurements), and/ or genotype (i.e., DNA profile) \[[@pone.0231342.ref010],[@pone.0231342.ref011]\]. Enabling momentum for personalised nutrition services can be realised by developments in information technology, such as health parameter monitoring, big data handling, and the high prevalence rate of smartphone ownership (up to 40% worldwide and 87% in Dutch households \[[@pone.0231342.ref012],[@pone.0231342.ref013]\]. Moreover, technological do-it-yourself tools for health measurement and monitoring (e.g. smart wearables) are rapidly becoming available, and consumer interest in these online health tools, such as smartphone apps, is growing \[[@pone.0231342.ref014]\]. These developments and technologies enable personal data collection and nutrition delivery services, and practitioners are beginning to use these tools to personalise nutritional advice \[[@pone.0231342.ref015],[@pone.0231342.ref016]\].

Despite this potential, consumer reticence to use personalised nutrition services could compromise the possible benefits resulting from personalised nutrition \[[@pone.0231342.ref017]\]. It would therefore be advantageous to understand how consumers come to accept personalised nutrition. In this respect, several recent studies have shown that, in addition to the motivation necessary to engage in healthy behaviour, the intention to use personalised nutrition services is determined by a decision-making process that weighs the risks and benefits of the personalised nutrition approach \[[@pone.0231342.ref018]--[@pone.0231342.ref021]\]. More specifically, these studies on consumer acceptance of personalised nutrition indicate that consumers' intention to adopt personalised nutrition services increases with greater perceived benefits, and fewer perceived risks associated with personalised nutrition \[[@pone.0231342.ref022],[@pone.0231342.ref019]\]. For example, Berezowska et al. suggested that consumers feel that disclosing their privacy information is too great a risk compared to the benefits offered by personalised nutrition services \[[@pone.0231342.ref022]\]. These researchers capture this 'benefits and risks' trade-off in an overall information disclosure valuation, called privacy calculus. This privacy calculus is operationalised as a mediator between perceived personalisation benefits and perceived privacy risks on the one hand and the adoption intention of personalised nutrition services on the other. Note that the perceived benefits of personalised nutrition services are intrinsically associated with the *concept* of personalised nutrition---that is, the anticipated individual health and fitness benefits received from personalised dietary recommendations. On the other hand, perceived risks reflect consumers' concerns associated with the *delivery system* of personalised nutrition advice---that is, concerns about the handling of privacy-sensitive information \[[@pone.0231342.ref021]\].

However, consumers' adoption intention regarding personalised nutrition services may not be the result solely of cognitive considerations of benefits and risks. Several studies in other contexts suggest that affective factors also play an important role in explaining consumers' adoption intention of new (technology-based) services \[[@pone.0231342.ref023],[@pone.0231342.ref024]\]. In this respect, several studies point out the role of mixed feelings in predicting the adoption intention of new technologies and services \[[@pone.0231342.ref025],[@pone.0231342.ref026]\]. Aversive or mixed feelings are grounded in the experience of internal conflict (i.e., ambivalence) and in turn negatively affect intentions \[[@pone.0231342.ref027]\]. Ambivalence, which refers to holding both positive and negative evaluations simultaneously, may result from conflicting evaluations of benefits and risks \[[@pone.0231342.ref028],[@pone.0231342.ref029]\]. Generally, studies have found that it is the affective nature of ambivalence (in this study labelled as ambivalent feelings) that drives the effects of ambivalence on behavioural intentions \[[@pone.0231342.ref030],[@pone.0231342.ref031]\]. Van Trijp and van Kleef explain ambivalence in the domain of food product innovation with two fundamental human tendencies: neophobia (i.e., the fear of novelty) and neophilia (i.e., the urge towards embracing novelty) \[[@pone.0231342.ref032]\]. As a result, humans alternate between approach (neophilia) and avoidance (neophobia) for new products. As personalised nutrition may simultaneously stimulate both the urge towards a better health and fear of data misuse, ambivalent feelings among consumers may very well be the result \[[@pone.0231342.ref030]\]. As such, we propose ambivalent feelings as an additional explanatory construct, in addition to the cognitive risk-benefit consideration, to explain consumers' adoption intention based on benefits and risks.

Moreover, a limited number of studies indicate that eating context poses a barrier to the adoption of personalised nutrition. For instance, eating outside the home can be a potential barrier in adhering to healthy eating intentions \[[@pone.0231342.ref033]\]. Additionally, the competing dietary requirements of other family members may hinder adherence to healthy eating intentions \[[@pone.0231342.ref034]--[@pone.0231342.ref036]\]. Personalised nutrition advice is usually adjusted to one individual and therefore might not be suitable in situations where a meal is shared with multiple individuals, such as family members. Furthermore, Stewart-Knox et al. suggested that consumers perceive difficulty in adhering to personalised nutrition advice in social situations, such as eating at the homes of friends or acquaintances \[[@pone.0231342.ref021]\]. As such, the eating context may act as an additional barrier in the uptake of personalised nutrition services. We therefore propose one's perceived eating context as another construct in explaining consumers' intentions for adopting personalised nutrition services.

To summarise, the aim of this study is to build on previous research in the area of personalised nutrition by exploring whether ambivalent feelings and perceived eating context barriers further explain consumers' intentions to adopt personalised nutrition services. Additionally, our work illuminates how these aspects may help to further explain the link between perceived risks and benefits (as captured by the concept of risk-benefit calculus) and intention to adopt personalised nutrition services.

2. Methods {#sec002}
==========

2.1 Sample and procedure {#sec003}
------------------------

An online survey was conducted in December 2016 in the Netherlands with a total of 1,000 participants. The survey was administered by MSI-ACI Europe BV, a professional market research company. Participants were sampled from its consumer panels and approached by email to fill out a self-administered online questionnaire. At the start of the questionnaire potential participants received information about the study in which it was explained that participation is on a voluntary basis and that data are treated anonymously. The purpose of the research was also explained. Agreeing with this information before starting the questionnaire constituted informed consent.

To ensure a sample that was nationally representative, participants were quota-sampled based on demographic characteristics: gender, age, highest level of completed education and income. Some participants were removed from the final sample. First of all, four completed questionnaires were ineligible due to missing values or incorrect answers. To avoid bias in the results that may be caused by including people who currently use personalised nutrition advice---and who may see its benefits and risks differently, based on their experiences---an additional 40 participants, who have experience with personalised nutrition services, were omitted from the analyses. The target group of our study are people who are not experienced with personalised nutrition services, as we want to gain more insight in the acceptance potential of personalised nutrition services. Finally, to ensure that participants understood the provided definition of personalised nutrition, we asked them to rate on a scale ranging from 1 (not at all) to 7 (totally) whether they had a clear picture of personalised nutrition advice. Only those who provided a score equal to or higher than the midpoint of the scale (4 or higher), were eligible for the study. This resulted in a further 159 participants being removed from the sample. Taken together, the final sample consisted of 797 individuals. This sample was composed of 391 males and 406 females, with a mean age of 47.5 years and an age range from 18 to 75 years. Overall, 23.7% of the participants had a low education level by the standards of Dutch education, 38.8% had a moderate education level, and 37.5% had a high education level. Generally, in the Dutch education system, low education indicates only primary school and lower secondary education, moderate education indicates higher secondary education and vocational education, and high education includes those with university, postgraduate degrees, and professional education. For more details about education levels, refer to the questionnaires (both original and translated versions) in [S1](#pone.0231342.s001){ref-type="supplementary-material"} and [S2](#pone.0231342.s002){ref-type="supplementary-material"} Data.

Further demographic characteristics of the study sample are shown in [Table 1](#pone.0231342.t001){ref-type="table"}.

10.1371/journal.pone.0231342.t001

###### Sample characteristics (N = 797).
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  --------------------------------------------------------------------------------------------------------------------
                                Percentage                                                                Percentage
  ----------------------------- ------------------------------------- ----------------------------------- ------------
  **Gender**                                                          **Work status**                     

  Male                          49.1%                                 Self-employed (with employees)      2.8%

  Female                        50.9%                                 Self-employed (without employees)   7.2%

  **Age**                       *Mean* = 47.5 years (*SD* = 15.9);\   Fulltime employee                   25.7%
                                *Range*: 18--75 years                                                     

  18--25                        11.7%                                 Part-time employee                  14.6%

  26--35                        15.1%                                 Temporary/ seasonal work            0.3%

  36--45                        17.7%                                 Fulltime housewife/-husband         8.5%

  46--55                        21.1%                                 Fulltime student                    7.0%

  56--65                        19.1%                                 Unemployed                          10.4%

  \> 65                         15.4%                                 Retired                             17.9%

  **Education**                                                       Other                               5.6%

  Low                           23.7%                                 **Number of people in household**   

  Medium                        38.8%                                 Single                              27.0%

  High                          37.5%                                 2 persons                           40.4%

  **Net monthly income**                                              3 persons                           12.8%

  Low (up to € 1.500)           25.4%                                 4 persons                           14.4%

  Medium (€ 1.500 to € 3.000)   44.2%                                 5 persons                           4.3%

  High (more than € 3.000)      30.4%                                 6 or more persons                   1.1%

  I don't know/ won't say       20.8%                                                                     
  --------------------------------------------------------------------------------------------------------------------

The questionnaire included several parts. At the beginning of the questionnaire, a definition of personalised nutrition was provided (see text box below).

### Box. Definition of personalised nutrition as provided to the participants {#sec004}

*Personalised nutrition advice is advice that is completely tailored to you as a person. Advice can be personalised in different ways: (1) personal preferences (e.g., what food you like and don't like), (2) self-formulated goals/ -wishes (e.g., lowering cholesterol; enhancing fruit consumption), (3) eating habits, (4) health status (e.g., overweight, blood pressure and cholesterol) or (5) DNA profile*.

*Information technology developments ride on this personalisation trend with 'health trackers', like smart watches, pedometers and smartphone apps, which help you to gain insight in your own behaviour or health*.

*An example*:

-   *Generic nutrition advice*: *general nutrition guidelines prescribe that you eat whole grain products on a daily basis*.

-   *Personalised nutrition advice: based on your personal profile and preferences, we advise you to eat yoghurt with oatmeal instead of whole grain bread*.

After answering a question as to whether they understood the meaning of personalised nutrition advice based on the provided definition, participants were required to assess the measurement scales of the constructs that were used in the model described in this study (Note that measurement scales of some additional constructs were included in the questionnaire. Since they were beyond the scope of this study, these results are not reported here. Data regarding these constructs were collected for another purpose). The final part of the questionnaire comprised inquiries about the psychographic and demographic background characteristics of the participants.

Before data collection started, researchers pre-tested several versions of the questionnaire. Pre-tests of early versions of the questionnaire focussed on whether the questions and items were understandable and well-formulated. Different online versions of the questionnaire were then pre-tested to detect any final errors and to test the length of time that it took to complete the questionnaire. The study was approved by the Social Sciences Ethics Committee of Wageningen University & Research in the Netherlands.

2.2 Measures {#sec005}
------------

A number of well-established, validated scales were used to measure the various constructs. The original questionnaire items were translated into Dutch and back-translated as appropriate. All measurement scale items were arranged on seven-point answering scales, and, except for *Risk-Benefit Calculus* and *Ambivalent Feelings*, which use semantic differentials, were operationalised as Likert scales ranging from 1 (strongly disagree) to 7 (strongly agree), with 4 being the (neutral) midpoint of the scale. The measurement items can be found in [Table 2](#pone.0231342.t002){ref-type="table"}. Furthermore, we refer the reader to the [S1](#pone.0231342.s001){ref-type="supplementary-material"} and [S2](#pone.0231342.s002){ref-type="supplementary-material"} Data.

10.1371/journal.pone.0231342.t002

###### Measurement items, means, factor loadings, and reliability and validity checks (N = 797).
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  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Measures and items                                                                                                                                *M\**   SD     λ     CR    AVE
  ------------------------------------------------------------------------------------------------------------------------------------------------- ------- ------ ----- ----- -----
  **1. Intention to Use Personalised Nutrition Advice**                                                                                             3.86    1.46         .90   .76

  I intend to use personalised nutrition advice.                                                                                                    3.64    1.59   .95         

  I would consider using personalised nutrition advice.                                                                                             4.38    1.65   .80         

  I am definitely going to use personalised nutrition advice.                                                                                       3.55    1.56   .87         

  **2. Risk-Benefit Calculus**\                                                                                                                     4.88    1.23   .92         .84
  All things considered, do you think using personalised nutrition advice will offer greater benefits than risks, or greater risks than benefits?                              

  **3. Ambivalent Feelings**\                                                                                                                       3.50    1.51         .90   .75
  When I would use personalised nutrition advice ...                                                                                                                           

  ...I feel no conflict at all/I feel maximum conflict                                                                                              3.55    1.65   .85         

  ...I feel no uneasiness at all/I feel maximum uneasiness                                                                                          3.33    1.69   .85         

  ...I have no mixed feelings/ I have strong mixed feelings                                                                                         3.63    1.62   .89         

  **4. Personalisation Benefit**\                                                                                                                   5.16    1.13         .92   .79
  Compared to general nutrition advice, personalised nutrition advice offers me advice that ...                                                                                

  ...Is more accurately tailored to my health needs                                                                                                 5.19    1.23   .88         

  ...Is more relevant for my health                                                                                                                 5.09    1.25   .89         

  ...Is more beneficial for my health                                                                                                               5.21    1.20   .89         

  **5. Privacy Risk**\                                                                                                                              3.47    1.53         .92   .79
  I think that using Personalised Nutrition advice ...                                                                                                                         

  ...Involves many privacy-related risks                                                                                                            3.71    1.63   .82         

  ...Is a threat to my privacy                                                                                                                      3.33    1.67   .92         

  ...Creates a high risk for the loss of my privacy                                                                                                 3.36    1.67   .92         

  **6. Eating Context Barrier**\                                                                                                                    4.43    1.23         .83   .60
  What would prevent you from using personalised nutrition advice?                                                                                                             

  Providing different foods for family members.                                                                                                     4.10    1.74   .52         

  Difficulties in maintaining healthy eating habits when eating out in restaurants.                                                                 4.73    1.51   .79         

  Difficulties in maintaining healthy eating habits when eating at other people's houses.                                                           4.81    1.49   .82         

  Difficulties in maintaining diet when travelling.                                                                                                 4.59    1.56   .79         

  Difficulties maintaining diet when at work.                                                                                                       3.94    1.70   .62         
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*M* = mean (\* constructs measured on scales 1 to 7); SD = standard deviation; λ = standardized factor loading; CR = composite reliability (Cronbach's alpha); AVE = average variance extracted

*Intention to Use Personalised Nutrition Advice* was measured by means of three items based on Poínhos et al. \[[@pone.0231342.ref019]\]. *Risk-Benefit Calculus* was measured with one item based on the semantic differential scale used by Berezowska et al. \[[@pone.0231342.ref022]\]. Participants answered the question "Do you think using personalised nutrition advice will provide greater benefits than risks, or greater risks than benefits?" on a scale ranging from 1 (greater risks) to 7 (greater benefits). *Ambivalent Feelings* were measured with three items on semantic differentials based on Berndsen and Van der Pligt \[[@pone.0231342.ref037]\]. Participants indicated whether they would feel conflict, uneasiness and mixed feelings should they use personalised nutrition advice. *Personalisation Benefit* was measured with three items which state whether personalised nutrition is more accurate, relevant and beneficial for someone's health needs and is based on Berezowska et al. \[[@pone.0231342.ref022]\] and Xu et al. \[[@pone.0231342.ref038]\]. *Privacy Risk* was measured with three items to determine whether personalised nutrition presents a risk to one's privacy and is based on Berezowska et al. \[[@pone.0231342.ref022]\] and Xu et al. \[[@pone.0231342.ref038]\]. Furthermore, we measured *Eating Context Barrier* by means of five items, based on Stewart-Knox et al. \[[@pone.0231342.ref033]\]. For different eating situations, participants were required to indicate to what extent each context would prevent them from using personalised nutrition advice.

All constructs were averaged across their scale items to create a composite construct score. All constructs and their items, means, standard deviations, factor loadings, Cronbach's alphas, and average variance extracted (AVE) are shown in [Table 2](#pone.0231342.t002){ref-type="table"}. Factor loadings, Cronbach's alphas, and AVE were used to test the reliability and validity of the measurement scales. As a measure of scale (composite) reliability, we used Cronbach's alpha to test the internal consistency of the measurement items of the constructs, that is, how closely related a set of items are as a group. [Table 2](#pone.0231342.t002){ref-type="table"} shows that Cronbach's alpha was higher than .80 for all constructs, indicating good reliability. In addition, to measure the validity of the constructs, we looked at convergent and discriminant validity. Convergent validity refers to the degree to which two measurement items that theoretically should be related, are factually related. Except for looking at the inter-item correlations between the individual items of a scale (which should be greater than .50), criteria for convergent validity require the AVE greater than 0.5, standardized factor loading of all items not less than 0.5, and composite reliability not less than 0.7 \[[@pone.0231342.ref039]\]. As can be seen in [Table 2](#pone.0231342.t002){ref-type="table"}, the variables that were used have high factor loadings (\> .50), high composite reliabilities (Cronbach's alphas \>0.7) and AVE greater than 0.50, which indicates convergent validity. Additionally, discriminant validity tests whether measurements that are not supposed to be related are actually unrelated. Discriminant validity can be tested by checking whether the square root of the AVE for each construct is greater than its correlations with the other constructs \[[@pone.0231342.ref040]\]. When looking at Tables [2](#pone.0231342.t002){ref-type="table"} and [3](#pone.0231342.t003){ref-type="table"} we can conclude that this was indeed the case for our constructs, indicating that all constructs in our model possess good discriminant validity.

10.1371/journal.pone.0231342.t003

###### Descriptive statistics and inter-correlations among study variables (N = 797).
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                                                       *M*[\*](#t003fn002){ref-type="table-fn"}   *SD*   1\.                                           2\.                                           3\.                                           4\.                                           5\.                                          6\.
  ---------------------------------------------------- ------------------------------------------ ------ --------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- -------------------------------------------- -----
  1\. Intention to Use Personalised Nutrition Advice   3.86                                       1.46   \--                                                                                                                                                                                                                                  
  2\. Risk-Benefit Calculus                            4.88                                       1.23   .43[\*\*](#t003fn003){ref-type="table-fn"}    \--                                                                                                                                                                                    
  3\. Ambivalent Feelings                              3.50                                       1.51   -.31[\*](#t003fn002){ref-type="table-fn"}     -.39[\*\*](#t003fn003){ref-type="table-fn"}   \--                                                                                                                                      
  4\. Personalisation Benefit                          5.16                                       1.13   .52[\*\*](#t003fn003){ref-type="table-fn"}    .55[\*\*](#t003fn003){ref-type="table-fn"}    -.36[\*\*](#t003fn003){ref-type="table-fn"}   \--                                                                                        
  5\. Privacy Risk                                     3.47                                       1.53   -.13[\*\*](#t003fn003){ref-type="table-fn"}   -.34[\*\*](#t003fn003){ref-type="table-fn"}   .46[\*\*](#t003fn003){ref-type="table-fn"}    -.22[\*\*](#t003fn003){ref-type="table-fn"}   \--                                          
  6\. Eating Context Barrier                           4.43                                       1.23   .02                                           -.08[\*](#t003fn002){ref-type="table-fn"}     .31[\*\*](#t003fn003){ref-type="table-fn"}    .01                                           .25[\*\*](#t003fn003){ref-type="table-fn"}   \--

*M* = mean (\* constructs measured on scales from 1 to 7), SD = standard deviation;

\* *p* \<.05;

\*\* *p* \<.01.

2.3 Data analyses {#sec006}
-----------------

The researchers obtained an anonymised data set from the market research agency. Descriptive statistics were computed using means (*M*) and standard deviations (*SD*) for the variables. Associations between variables were tested using Pearson correlation coefficients. To test the measurement model, the internal consistency of the multiple-item scales was investigated by performing a first-order confirmatory factor analysis (CFA) on all items. The CFA was performed with maximum likelihood estimation in the R package lavaan \[[@pone.0231342.ref041]\]. Note that in running the CFA in R, and to deal with the fact that *Risk-Benefit Calculus* was a single-item measure, the error variance (i.e., 0.24) of this measure was specified as the variable's covariance with itself. Measurement error can be incorporated into a single indicator by fixing its unstandardized error to some nonzero value, calculated on the basis of the measure's sample variance estimate and known psychometric information (e.g., internal consistency estimate). The reliability was derived from prior research that generalizes well to the sample for which the current analysis is being undertaken \[[@pone.0231342.ref042]\].

After testing the fit of the measurement constructs to the underlying data by means of CFA, different models were tested using structural equation modelling with maximum likelihood estimation in R. More specifically, three steps were distinguished to test the relations between the latent constructs. First, a model was estimated with *Personalisation Benefit* and *Privacy Risk* as independent variables, *Risk-Benefit Calculus* as mediator and *Intention to Use Personalised Nutrition Advice* as the dependent variable. Second, a model was estimated with *Ambivalent Feelings* as an additional mediator. Third, the model was extended further with *Eating Context Barrier* as an additional independent variable.

Model fit for both the measurement model and the structural models was assessed based on a number of fit statistics. The criterion for acceptance of the Chi-square estimate with degrees of freedom (χ^2^/df) varies from less than 2 to less than 5 \[[@pone.0231342.ref043]--[@pone.0231342.ref045]\]. Comparative Fit Indices (CFI) and Tucker-Lewis Indices (TLI) of at least .90 indicate a satisfactory model fit \[[@pone.0231342.ref042]\]. A Root Mean Square Error (RMSEA) of .07 or lower and a Standardized Root Mean Square Residual (SRMR) below .08 indicate satisfactory model fit \[[@pone.0231342.ref046],[@pone.0231342.ref047]\].

3. Results {#sec007}
==========

3.1 Descriptive results {#sec008}
-----------------------

[Table 3](#pone.0231342.t003){ref-type="table"} shows the means, standard deviations and zero-order correlations among all variables included in the models. The construct with the highest mean score was found to be in *Personalisation Benefit* (*M* = 5.16). This score, which is well above the midpoint of the scale (which is a score of 4), suggests that participants perceive benefits to personalisation. The mean score on *Privacy Risk* (*M* = 3.47) is just below the scale midpoint, which suggests that participants perceive moderate risks associated with receiving personalised nutrition advice. These scores also suggest that participants perceive greater benefits than risks, which is also reflected in the mean score on *Risk-Benefit Calculus* (*M* = 4.88). This score, which is above the scale midpoint, suggests a positive balance towards more perceived benefits than perceived risks. The mean score on *Ambivalent Feelings* (*M* = 3.50) is just below the midpoint of the scale, suggesting that participants have moderately ambivalent feelings about using personalised nutrition advice. In contrast, the mean score on *Eating Context Barrier* (*M* = 4.43) is just above the scale midpoint, suggesting that participants perceive eating context as a potential barrier to using personalised nutrition advice. Finally, the mean score on *Intention to Use Personalised Nutrition Advice* (*M* = 3.86), which is just below the scale midpoint, suggests only a moderate intention to make use of personalised recommendations.

In addition, [Table 3](#pone.0231342.t003){ref-type="table"} shows that *Intention to Use Personalised Nutrition Advice* is moderately to strongly correlated with all variables except *Eating Context Barrier*, which is not significantly correlated, and *Privacy Risk*, which is only weakly correlated \[[@pone.0231342.ref048]\]. However, the moderately positive correlation between *Eating Context Barrier* and *Ambivalent Feelings* suggests that the perceived barriers of the eating context could have an indirect negative effect on the intention to adopt personalised nutrition services, as the result of an increase in ambivalent feelings.

3.2 Measurement model {#sec009}
---------------------

Based on the model fit criteria, the results indicated a satisfactory fit of the measurement constructs to the underlying data: χ^2^/df = 303.5/121 = 2.51, RMSEA = 0.044, SRMR = 0.041, CFI = 0.98, and TLI = 0.98. In addition, as can be seen in [Table 2](#pone.0231342.t002){ref-type="table"}, the variables and their items had high factor loadings, high composite reliabilities (Cronbach's alphas \>0.70), and a positive average variance extracted (i.e., AVE \>0.50).

3.3 Structural models estimation {#sec010}
--------------------------------

In order to estimate the structural models, we added the regression paths one by one. First, a model was estimated that included the association of *Personalisation Benefit* and *Privacy Risk* with *Intention to Use Personalised Nutrition Advice*, with *Risk-Benefit Calculus* as mediator. The results showed a relatively poor model fit (χ^2^/df = 5.69; RMSEA = 0.077; SRMR = 0.083; CFI = 0.974; TLI = 0.964). This model confirmed previous studies suggesting that the more positive the outcome of the *Risk-Benefit Calculus*, the higher the participants' *Intention to Use Personalised Nutrition Advice* (b = .67; *p* \< .001). Additionally, *Personalisation Benefit* had a positive effect on the outcome of the *Risk-Benefit Calculus* (b = .62; *p* \< .001), whereas *Privacy Risk* had a negative effect on the outcome of the *Risk-Benefit Calculus* (b = -.20; *p* \< .001). Note that the effect of *Personalisation Benefit* was much stronger than the effect of *Privacy Risk*.

Our objective was to examine whether including *Ambivalent Feelings* as an additional mediator next to *Risk-Benefit Calculus* significantly improved the model fit. Therefore, we estimated a model with *Ambivalent Feelings* as an additional mediator. The results indicated an improved model fit, although still not meeting all criteria (χ^2^/df = 5.00; RMSEA = 0.071; SRMR = 0.073; CFI = 0.969; TLI = 0.959) (see [Table 4](#pone.0231342.t004){ref-type="table"} for a comparison of the different models). The model indicated that next to *Risk-Benefit Calculus* (b = .58; *p* \< .001), *Ambivalent Feelings* was a significant, negative predictor of *Intention to Use Personalised Nutrition Advice* (b = -.15; *p* \< .001), suggesting that the intention to use personalised nutrition advice increases when the 'benefits and risks' trade-off is more positive, but decreases when participants experience more ambivalent feelings. Furthermore, *Personalisation Benefit* was not only related positively to *Risk-Benefit Calculus* (b = .61; *p* \< .001), but also negatively to *Ambivalent Feelings* (b = -.39; *p* \< .001), suggesting that participants feel less ambivalent when more personalisation benefits are perceived. In a similar vein, *Privacy Risk* was not only related negatively to *Risk-Benefit Calculus* (b = -.20; *p* \< .001), but also positively to *Ambivalent Feelings* (b = .45; *p* \< .001), suggesting that participants experience more ambivalent feelings when more privacy risks are perceived. In contrast to the effect on *Risk-Benefit Calculus*, the effect of *Privacy Risk* on *Ambivalent Feelings* was stronger than the effect of *Personalisation Benefit*. In other words, perceived privacy risk (in contrast to perceived personalisation benefits) is more strongly related to the perception of ambivalent feelings, whereas the perception of personalisation benefits (in contrast to perceived privacy risks) is more strongly related to the trade-off between benefits and risks.

10.1371/journal.pone.0231342.t004

###### Model comparison.
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                                                                                                                         Fit indices                                     
  ---------------------------------------------------------------------------------------------------------------------- ------------- ----- ------ ------ ------ ------ ---------------------------------------------------
  Model I: *Personalisation Benefit*, *Privacy Risk as independent variables*, *and Risk-Benefit Calculus as mediator*   182.06        32    .974   .964   .077   .083   
  Model II: *Ambivalence as an additional mediator*                                                                      294.98        59    .969   .959   .071   .073   112.9 (27)[\*\*](#t004fn003){ref-type="table-fn"}
  Model III: *Eating Context Barrier as additional independent variable*                                                 378.64        124   .972   .966   .051   .058   83.7 (65)[\*\*](#t004fn003){ref-type="table-fn"}

df = degrees of freedom, CFI = Comparative Fit Indices, TLI = Tucker-Lewis Indices, RMSEA = Root Mean Square Error, SRMR = Standardized Root Mean Square Residual, Δχ^2^ = Chi-square difference, Δdf = difference in degrees of freedom;

\* *p* \<.05;

\*\* *p* \<.01.

As a final step, the model was further extended with *Eating Context Barrier* as an additional independent variable. In contrast to the previous two models, this model indicated a good model fit (χ^2^/df = 3.05; RMSEA = 0.051; SRMR = 0.058; CFI = 0.972; TLI = 0.966). Similar to the previous model, *Risk-Benefit Calculus* (b = .57; *p* \< .001) was positively related and *Ambivalent Feelings* (b = -.20; *p* \< .001) was negatively related to *Intention to Use Personalised Nutrition Advice*. These effects suggest that intention to use personalised nutrition advice is higher when more benefits than risks are perceived and lower when more ambivalent feelings are experienced. *Personalisation Benefit* was still positively related to *Risk-Benefit Calculus* (b = .62; *p* \< .001) and negatively related to *Ambivalent Feelings* (b = -.43; *p* \< .001) and *Privacy Risk* was negatively related to *Risk-Benefit Calculus* (b = -.19; *p* \< .001) and positively related to *Ambivalent Feelings* (b = .37; *p* \< .001). In addition, *Eating Context Barrier* in this model was positively related to *Ambivalent Feelings* (b = .39; *p* \< .001) but not significantly related to *Risk-Benefit Calculus* (b = -.06; *p* = 0.155). This suggests that the more eating context is perceived as a barrier to using personalised nutrition advice, the more ambivalent feelings one experiences. Additionally, *Eating Context Barrier* suggested a positive direct relationship with *Intention to Use Personalised Nutrition Advice* (b = .22; *p* \< .001), suggesting that intention to use personalised nutrition advice increases when the eating context is perceived more as a barrier. See [Fig 1](#pone.0231342.g001){ref-type="fig"} for the final model.

![Final model--Significant paths.\
Note: Only the significant path coefficients of the latent variables are shown. All item loadings were significant. For reasons of clarity, we decided not to report the item loadings and standardized error variances. \* p \<.05; \*\* p \<.01.](pone.0231342.g001){#pone.0231342.g001}

4. Discussion {#sec011}
=============

4.1 General discussion {#sec012}
----------------------

This study developed and tested a model in which we looked at whether ambivalent feelings and perceived eating context barriers may further explain consumers' intentions to use personalised nutrition services above the perceived benefits of receiving personalised nutrition advice and the perceived privacy risks. More specifically, this study provides insight into how these factors relate to the trade-off between perceived risks and benefits (as captured by the concept of risk-benefit calculus) and intention to adopt personalised nutrition services. We will discuss the findings of the current study in more detail below.

First, the current study (partly) replicated previous research by examining the relationships between perceived personalisation benefits, perceived privacy risks, and the intention to make use of personalised nutrition advice. The strong positive correlation found between risk-benefit calculus and the intention to use personalised nutrition advice, with risk-benefit calculus being the result of weighing benefits and (privacy) risks, is indeed in agreement with previous research. This finding suggests that the intention to make use of personalised nutrition advice is greater when the risk-benefit calculus is evaluated more positively (i.e. more benefits than risks are perceived). Additionally, participants tend to agree more with the benefits of personalised nutrition than with its associated privacy risks---that is, the benefits of personalised nutrition have a stronger effect than the risks of privacy loss on the intention to use personalised nutrition services through risk-benefit calculus. This finding is in line with previous findings from the literature. Both Poínhos et al. and Berezowska et al. found that perceived benefits had a stronger influence on the intention to adopt personalised nutrition advice than perceived privacy risks \[[@pone.0231342.ref019],[@pone.0231342.ref022]\].

Second, this study extends previous research by suggesting the additional value of ambivalent feelings as an affective construct in predicting intention to use personalised nutrition services. Stated differently, feelings of conflict, uneasiness and mixed feelings evoked by the concept of personalised nutrition are negatively related to the usage intention of these types of advice. More specifically, this study indicates a negative association of ambivalent feelings with intentions, beyond the cognitive weighing of perceived benefits and risks by means of the risk-benefit calculus. These findings suggest that conflicting evaluations of personalisation benefits and privacy risks may result in a hesitancy regarding the concept of personalised nutrition (e.g. is it beneficial or risky?), which decreases one's adoption intention. Furthermore, these findings are in line with a relatively novel body of studies in which ambivalent feelings are also highly relevant in shaping consumers' intentions towards novel products or concepts \[[@pone.0231342.ref049]\]. According to these studies ambivalence may be experienced as an emotional state, which may be used as information regarding the specific object \[[@pone.0231342.ref050]\], which is in our case personalised nutrition. This observation also corresponds with the feeling-as-information theory, which argues that individuals use their feelings as a source of information in behavioural responses \[[@pone.0231342.ref051]\].

Finally, and in addition to the effect of ambivalent feelings, this study extends previous research by including eating context as a possible barrier to the adoption of personalised nutrition services. Besides the explorative survey by Stewart-Knox et al. \[[@pone.0231342.ref033]\], few studies on personalised nutrition have investigated the role of an individual's eating context as it relates to the acceptance of personalised nutrition advice. More specifically, this study suggests that the perception of the eating context as a barrier to the use of personalised nutrition advice positively contributes to ambivalent feelings towards the adoption of personalised nutrition. This suggests that an individual's eating context may indeed act as a barrier to the usage of personalised nutrition services, albeit indirectly, primarily through enhanced ambivalent feelings. Strikingly, this study indicated that, in addition to this indirect effect through ambivalent feelings, eating context barriers also positively affect the intention to use personalised nutrition advice. A possible explanation for the positive correlation between eating context and intention could be that those who intend to adopt personalised nutrition, may have more thoroughly considered the logistics involved, making them more aware of the potential social and contextual barriers to compliance with an individualised diet. The positive correlation of eating context barriers might also be due to measurement error; the observed correlation may be an indirect effect induced by the other predictor variables. We expect this with greater reason, because eating context barriers show no significant inter-correlation with intention to use personalised nutrition advice, while they do positively affect ambivalent feelings, which in turn negatively affect intention to use personalised nutrition advice. More research is needed to further elucidate why these perceived eating context barriers may positively affect the adoption intention of personalised nutrition services. Nevertheless, the implication would be that personalised advice should consider the individual's eating context.

4.2 Limitations and future research {#sec013}
-----------------------------------

A number of limitations exist in this study. First and foremost is that we only focused on a limited number of constructs that may play a role in consumers' evaluation and usage intention of personalised nutrition services. There may be other factors that play a role in the evaluation of the concept of personalised nutrition that were not considered in this study, such as trust in different types of providers of these services \[[@pone.0231342.ref052],[@pone.0231342.ref017]\], one's personal motivation and ability to change behaviour \[[@pone.0231342.ref053]\], and the way or format with which personalised nutrition advice is communicated to consumers \[[@pone.0231342.ref054]\]. Similarly, the perceived risks that we included in this study are limited to data and privacy issues. It could very well be that consumers see other risks, that have not been included in this study. Equally, while only eating context barriers are included as possible barriers, consumers could perceive other barriers in the adoption of personalised nutrition services. For example, consumers may find it too effortful or complex to conduct do-it-yourself health measurements and filling in questionnaires or food diaries in order to receive personalised advice. Future research could help to identify other risks or barriers that consumers may encounter when adopting personalised nutrition services.

In addition, while ambivalent feelings have been included in the model, other positive or negative emotions were not. Onwezen et al. discuss the motivational function of ambivalence via emotions and argue that it remains unclear to what extent the effect of ambivalence comes from mixed feelings, or from positive versus negative emotions \[[@pone.0231342.ref049]\]. The authors conclude that, while ambivalence is a concept that differs from (the weighing of) perceived risks and benefits, it is also different from emotions. We did not control for the effect of emotions in this study, and can therefore not provide clarity in that respect. Future research could include positive and negative emotions as additional independent variables to potentially increase the explained variance and to further unravel the role played by ambivalent feelings in one's intention to adopt personalised nutrition services.

A major limitation of this study is that only one definition of personalised nutrition services is used in the research: personalised nutrition is based on personal preferences and/or self-formulated goals and/or eating habits and/or health status and/or DNA. This description of personalised nutrition is very general; participants may have reacted differently to different examples of how personalised nutrition may look like. Consequently, it is possible that the perceived benefits and risks of personalised nutrition services may be different for those individuals who considered personalised nutrition services based on DNA as opposed to individuals who considered personalised nutrition services that only take into account everyday eating habits. Furthermore, the examples that were provided to illustrate the definition could be perceived by respondents as too generic and not personally relevant. This may have led consumers to view the concept of personalised nutrition as a gimmick. Since our study did not control whether participants may have felt this way, our findings need to be interpreted carefully. Future research may refine the insights obtained in the current study by including a variety of more specific types of (fictional) nutritional advice to further examine how individuals react to different types of personalised nutrition recommendations. Additionally, to further reduce ambiguity in the findings, it could be helpful to guide participants, for example in the 'Introduction' part of the questionnaire, to answer the questions based on a concrete situation where the use of personalised nutrition may be relevant.

Another, related potential limitation that may be associated with this study is that self-reported measures were used to identify consumers' intention to use personalised nutrition services. Self-reported questionnaires have some known disadvantages. For example, respondents may not answer truthfully (social desirability bias) or may show a tendency to respond in a certain way regardless of the question (response bias). To overcome these biases, and to further test the consistency of the used measurement scales (i.e., how individuals are answering to the used measures at any given time), future research may consider a longitudinal data collection, which may also be used to assess test-retest reliability. Moreover, because the concept of personalised nutrition is a new concept, response quality may have been affected by a lack of direct experience with personalised nutrition. While a definition was provided at the beginning of the survey to familiarise respondents with personalised nutrition, the definition is, as previously mentioned, still rather generic and abstract. This may have made it difficult for participants to clearly envision the benefits and risks of personalised nutrition.

An additional limitation could relate to the generalisability of the results to other countries. The sample that has been used is representative of the adult Dutch population in terms of gender, age, level of education and income. Future research should replicate the study in other countries to judge the generalisability of the findings. Nevertheless, the observation that our findings are in line with Berezowska et al. and Stewart-Knox et al. \[[@pone.0231342.ref022],[@pone.0231342.ref033]\], who included eight or nine European countries in their studies, makes us confident that our findings are at least typical of other European countries. Berezowska et al. state that their cognitive model, which includes personalisation benefits, perceived privacy risks and the privacy calculus is robust and applicable throughout Europe \[[@pone.0231342.ref022]\]. Stewart-Knox et al. state that the Netherlands rated eating context as a significantly lower barrier than did other European countries \[[@pone.0231342.ref033]\], which may suggest that the importance of eating context will be even more important when our model is tested in other European countries.

Future research may further investigate the relation between eating context and intentions to adopt personalised nutrition services by, for example, further specifying the different contextual factors that may affect an individual's evaluation of personalised nutrition services. Moreover, future research could investigate how the enhancing effect of eating context on ambivalent feelings can be reduced, perhaps, by including contextual factors such as preferences or dietary requirements of family members in the personalised nutrition advice.

Finally, and in consideration of the previous point, it would be interesting in future research to distinguish between different types of consumers or consumer groups. In this study we developed a generic model, but it is possible that the relations between the different concepts will work differently with diverse groups. For example, future research could distinguish between the degree of experience that various people have with the concept of personalised nutrition, meaning that different interventions, services or communications could be effective in varying degrees for different consumer groups. It would be beneficial for future research to explore how our results can be used effectively in real-life implementations of personalised nutrition services and whether it would be effective to differentiate between several consumer groups.

5. Conclusions and practical implications {#sec014}
=========================================

The current study suggests the importance of considering ambivalent feelings and eating context barriers in understanding consumers' intentions to adopt personalised nutrition services. This research has practical relevance, as its findings may potentially be used to design personalised nutrition services that address the specific needs and concerns of consumers. Based on the findings of the current study, we offer the following practical implications for stimulating the adoption of personalised nutrition services.

First, this study indicates that it is essential to communicate clearly the benefits of personalised nutrition, which may differ among individuals (e.g. losing weight, gaining weight, improving health). It is important that these benefits appeal not only to a small group of motivated, often highly educated consumers who have already established a healthy lifestyle, but should also take into account the preferences and needs of broader societal groups. Note in this respect that Adams et al. \[[@pone.0231342.ref003]\] argue that '*if personalised nutrition is effective in sustaining changes in health*, *then it is desirable that these tools are accessible and affordable to most people*' (p. 4).

Additionally, personalised nutrition services should take privacy issues seriously and communicate transparently about how personal data are protected. Similarly, providers of personalised nutrition should disclose their intentions for customer data use. For example, individuals who may be interested in participating in a personalised nutrition program should be informed that their profiles will not be shared with third parties who may use this information for commercial reasons. Security and anonymity of data should be made transparent to customers of personalised nutrition services, who should have the opportunity to provide informed consent. Additionally, an individual's data or measures should only be collected if there is reliable evidence that personalising advice based on this information could influence health or deliver functional benefits \[[@pone.0231342.ref003]\]. There should also be transparent communication as to how each piece of the collected information contributes to these (health) benefits.

Personalised nutrition services should address and try to reduce ambivalent feelings. This implies that it is important to provide clear benefits and tackle privacy risks, and also suggests the importance of the way in which these aspects are communicated. In their communication, personalised nutrition service providers should take seriously consumers' feelings and concerns. Furthermore, communicating in a clear and understandable way and employing user-friendly tools could help to further reduce ambivalence.

Finally, individuals' eating context should be taken into account by, for example, facilitating personalised dietary advice in the workplace and in the social environments where people eat. In that respect, personalised nutrition advice would benefit from considering the eating preferences of others in one's eating context in addition to the preferences of the individual for whom the advice was designed. Service providers that make use of apps with location-based services, for example by using GPS technology, can take into account the different locations where their customers eat, adjusting their services and recommendations accordingly. Alternatively, users of personalised services could indicate their preferences themselves given certain eating contexts, which could then be implemented into personalised recommendation systems based on underlying algorithms.

Supporting information {#sec015}
======================

###### Original questionnaire.

Original questionnaire (in Dutch).

(PDF)

###### 

Click here for additional data file.

###### Translated questionnaire.

Translated questionnaire (in English).

(PDF)

###### 

Click here for additional data file.

###### SPSS raw datafile.

(SAV)

###### 

Click here for additional data file.

10.1371/journal.pone.0231342.r001

Decision Letter 0

MacLure

Katie

Academic Editor

© 2020 Katie MacLure

2020

Katie MacLure

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

27 Nov 2019

PONE-D-19-26890

Consumer acceptance of personalised nutrition: The role of ambivalent feelings and eating context

PLOS ONE

Dear Dr Reinders,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Below and attached you will find two comprehensive peer reviews conducted on your manuscript. As neither reviewer was comfortable checking your statistical analysis I will ask that a statistician also review while you address the reviewer comments.

We would appreciate receiving your revised manuscript by Jan 11 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Katie MacLure, PhD, MSc (dist)., BSc (1st)

Academic Editor

PLOS ONE

Journal Requirements:

1\. When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2.  Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: <http://journals.plos.org/plosone/s/supporting-information>.

3.  Please include additional information regarding the survey or questionnaire used in the study and ensure that you have provided sufficient details that others could replicate the analyses. For instance, if you developed a questionnaire as part of this study and it is not under a copyright more restrictive than CC-BY, please include a copy, in both the original language and English, as Supporting Information. Moreover, please include more details on how the questionnaire was pre-tested, and whether it was validated.

4.  We noticed you have some minor occurrence of overlapping text with your following previous publication(s), which needs to be addressed:

\- Onwezen, Marleen C., Machiel J. Reinders, and Siet J. Sijtsema. \"Understanding intentions to purchase bio-based products: The role of subjective ambivalence.\" Journal of Environmental Psychology 52 (2017): 26-36.

The text that needs to be addressed involves some sentences of the Discussion.

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the methods section. Further consideration is dependent on these concerns being addressed.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: I Don\'t Know

Reviewer \#2: I Don\'t Know

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The paper explores factors that could affect the uptake of personalised nutrition advice, and contributes to our understanding of barriers to behaviour change following tailored nutrition advice. The authors have provided a detailed background to their research and discussed their results in the context of the literature.

I do not have the expertise to comment on the statistical approach taken, but it does seem to be comprehensively described.

My main comments are with regard to English and grammar -- noted below. Otherwise, the manuscript is mainly very well written and the suggested revisions are minor.

• Abstract, line 12 -- check use of apostrophe for 'individuals'

• Abstract, line 22 -- I think 'inversely' might be a more appropriate word than 'reversely'.

• Abstract, line 25 - 'In conclusion' would be better than 'In sum'.

• Introduction, line 42 -- I cannot see Brug et al (1999) in the reference list.

• Introduction, line 43 -- I think the authors need a reference to support the statement that more personally relevant nutrition information will lead to higher compliance. Otherwise, they could state 'and may in turn lead to greater compliance'.

• Introduction, line 45 -- check use of apostrophe in 'individuals'

• Introduction, line 50 -- is a reference needed to support the statement that there is a high penetration rate of smartphone ownership? Also, perhaps 'high prevalence' is a better phrase than 'high penetration rate'?

• Introduction, line 52 -- check sentence structure. I think it needs to read '(e.g. smart wearables) are becoming rapidly available'.

• Introduction, line 53 - a reference is needed to support the statement that consumer interest in these tools is growing.

• Introduction, line 99 -- check use of apostrophe in 'consumers'.

• Introduction, line 110 -- 'a' is not needed, i.e. 'adhering to personalised advice'.

• Introduction, line 111 -- 'advice' is the plural.

• Introduction, line 111 -- no comma needed after 'preferences'.

• Introduction, line 115 - check use of apostrophe in 'consumers'.

• Introduction, lines 118-122 -- I think this is better in the Discussion, and the Introduction should end with the aim of the study.

• Methods, line 130 -- 'voluntariness' is not a word.

• Methods, lines 146-147 -- please explain what is meant by low, moderate and high education level.

• Table 1 -- please give SD for age as well as the range.

• Methods, line 194 -- please explain why means and SD are presented, yet Spearman's rank correlation was performed. It is more usual to see medians presented if using Spearman's correlations.

• Table 4 -- it would be useful for abbreviations to be explained in footnotes to the table.

• Discussion -- please discuss the generalisability of your findings, i.e. are the consumer panels considered representative of the wider population?

• Discussion, line 315 -- please check use of apostrophe in 'consumers' -- consumers'?

• Discussion, line 368 -- 'advices' is incorrect. Suggest rephrase to '(fictional) examples of nutritional advice'.

Reviewer \#2: 1. Partly: I feel that the authors need to include the questionnaire in their paper in exactly the way it was presented to their participants. The findings are confusing and ambiguous without having the questionnaire included.

2\. I don\'t know: The authors did not state if they carried out a \'normalcy distribution\' test. I cannot determine if how they chose to represent their data is actually the best way to represent it. They did not justify why they are using the mean and standard deviation.

3\. No: this is connected with the first question, where I feel it is highly relevant to include the exact questionnaire that was used for their study.

4\. No: The manuscript needs more work. Specifically, the methods, discussion and conclusion need to be written more scientifically, and colloquialisms need to be removed.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: Yes: Dr Rachael H Sibson

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

###### 

Submitted filename: PLOS ONE review of Consumer Acceptance of PNS Nov 2019.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0231342.r002

Author response to Decision Letter 0

10 Jan 2020

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s) is uploaded as separate file and labeled \'Response to Reviewers\'.

###### 

Submitted filename: PONE-D-19-26890_Rebuttal revision.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0231342.r003

Decision Letter 1

MacLure

Katie

Academic Editor

© 2020 Katie MacLure

2020

Katie MacLure

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

4 Feb 2020

PONE-D-19-26890R1

Consumer acceptance of personalised nutrition: The role of ambivalent feelings and eating context

PLOS ONE

Dear Dr Reinders,

Thank you for submitting your revised manuscript to PLOS ONE. The two original reviewers looked over your revisions and thanked you for addressing all their points. However, they have both noted further minor revisions which would strengthen your article. Therefore, we invite you to submit a further revised version of the manuscript.

We would appreciate receiving your revised manuscript by Mar 20 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Katie MacLure, PhD, MSc (dist)., BSc (1st)

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: I Don\'t Know

Reviewer \#2: I Don\'t Know

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors should be commended on the care taken to address all the comments. I am happy that my comments have been addressed. Whilst there is some duplication of means and SD between tables 2 and 3, I can see why the authors have included this. On reading the paper, I did notice a few minor corrections required to English:

• Line 73 -- should be 'received' instead of 'receiving'

• Line 124 -- should be 'To ensure a sample that was nationally representative' instead of 'is'.

• Line 161 -- should read 'Before data collection started'.

• Line 376 -- should read 'suggests that' instead of 'suggest that'

• Line 433 -- should be 'advice' instead of 'advices'.
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Q3. I do not know enough about the statistics used here to appropriately comment on.
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Dear Dr. Reinders,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Katie MacLure, PhD, MSc (dist)., BSc (1st)
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Dear Dr. Reinders:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Katie MacLure

Academic Editor

PLOS ONE
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